Abstract
Methodology
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To investigate the effect of air supply speed, angle and people standing under/below the air curtain on 27 the performance of air curtains at building entrances, both reduced-scaled experiments and full-size 28 numerical simulation were employed, which is illustrated in the following sub-sections. The infiltration M A N U S C R I P T
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model of the door with air curtain is also presented in this section, which is used to evaluate the air 1 curtain performance. 
Experiments 3
The experiments were conducted in the CUBE (Concordia University Building Environment) chamber 4 ( Fig. 1) , which comprises an airtight chamber with a blaster door fan, an entrance door installed with an 5 air curtain, pressure sensors located inside of the enclosure, and a laser PIV system to capture airflow 6 patterns through the entrance door [23] . The CUBE is divided into two sections by a horizontal ceiling, The blower door fan is used to control a given pressure difference, ∆P, across the door by 15 depressurization or pressurization. Based on the conservation of mass, the mass air flow rate through the 16 door is equal to the airflow rate through the fan. The duct ending inside the chamber was equipped with 17 an air diffuser to avoid direct flow towards the door (see Fig. 1b ). The interior pressures of the chamber 18 were measured and averaged over four points at the chamber's mid-depth plane (Fig. 1a) . The external 19 pressure was measured at a point far from the chamber to avoid any possible potential airflow 20 disturbance. The pressure difference across the door was calculated based on the difference between the 21 pressures inside and outside the chamber.
22
Based on the equipment and setup used, the flow rate achieved from the blower door fan was with a To study the effect of people in the door way on the air curtain performance, a person model was created 5 and placed in the doorway of the air curtain door. Experimental measurements were taken with this 6 setup. The person model and its location about the doorway and the setup are illustrated in Fig. 2 . A 7 particle image velocimetry (PIV) system was used for this study to visualize the airflow fields at the 8 doorway with and without a person, which includes a Ng:YAG dual laser head system, the CCD camera 9 [23,24], a specially designed Helium Filled Soap Bubbles (HFSB) system [22] , and the PIV data 10 acquisition. Details of the PIV system could be referred to the literature [22] and references on the use of 11 HFSB seeds in large scale measurements can also be found in literature [25, 26] . The procedure of 12 processing for the PIV captured velocity data was (1) to correlate the data using the adaptive correlation 13 method with an overlap of 50% (central differencing method with 1.2/2 min peak for validation and an 14 acceptance factor of 0.1), (2) to filter the correlated data using the average filter (3×3 averaging area), 15 and (3) to generate the RMS values of the velocity vectors. The flow scale was generated by using the 16 velocity ranges observed in the cases, and the average error calculations were based on the standard 17 deviation data reported by the software. It is noted that the PIV experiment system may incur errors and 18 uncertainties, due to the systemic errors and the random sampling deviation of statistical errors [27] .
19
Previous studies indicate that though the estimations of PIV measurement accuracy are case by case, it is 20 reasonable to estimate the overall accuracy as approximately 10% at most [27, 28] . 
M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT
In order to study the effect of air supply speed, angle and presence of people on the air curtain 1 performance, five scenarios, comprised 51 conditions, were selected to be measured in the CUBE ( Table   2 1). The supply angles are 0° and 20° (towards the outside of the door, Fig. 3 ). The supply air speed is 9.1 3 m/s and 13.75 m/s. Each condition was repeated twice to ensure the repeatability of the tests. Table 2 presents a summary of all the simulation cases.
7 Table 2 . CFD simulation cases with different supply speeds and angles. by mild outdoor and indoor pressure difference, ∆P oi , and the jet is able to reach the floor and 10 successfully blocks the outdoor air. In this case, there is still a net outflow portion as a result of the air 11 curtain jet passing through the door. As ∆P oi rises above a threshold value, which is defined as the upper 12 critical pressure difference, ∆P uc , the outdoor air would penetrate the jet as Fig. 6b shows. In this 13 condition, the increase of pressure difference will result in increased infiltration. As the opposite flow 14 pattern, Fig. 6c shows an outflow break-through when indoor pressure is higher than the outdoor 15 pressure (∆P oi < 0) and ∆P oi reaches another threshold value, which is defined as the lower critical pressure difference, ∆P lc , so the exfiltration of indoor air occurs. [21]).
5
Previous studies have found that when air curtain is installed above the door, the infiltration flow rate is which can be obtained from experimental or numerical simulation results.
Where Q is flow rate in m 3 /s, A is door opening area in m 2 , ρ is air density in kg/m 3 , and ∆P is the 16 pressure difference across the door in Pa.
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The upper critical pressures, ∆P uc , and lower critical pressures, ∆P lc , could be determined as shown in 
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1 Figure 10 shows the study of the supply angles on the air curtain performance based on the full-size 2 CFD simulations. It can be seen that as the supply angle increases, there is slightly less infiltration but 3 more exfiltration. Moreover, the higher the supply speed is, more effects of different supply angles are 4 observed during in the OB regions. For example, there is no obvious difference of air exfiltration among 5 different supply angles during the OB condition when the supply speed is 10 m/s (Fig. 10a) . However,
6
when the supply velocity is increased 20 m/s (Fig. 10b) , exfiltration rate increases significantly as the very important to monitor the indoor and outdoor pressures so we will know at which mode the air 7 curtain operates on the performance curve, and then choose to either increase or decrease the supply 8 angle in order to reduce both infiltration and exfiltration through a doorway.
9 Fig. 11 . Influence of supply angle on upper and lower critical pressure differences.
11
To minimize both infiltration and exfiltration, an air curtain should be operated to ensure that the However, this effect becomes less significant when the supply angle becomes 20° (Fig. 12b) when 7 compared to 10° (Fig. 12a ): indicating that a larger supply angle towards outside will reduce the air 8 curtain performance when indoor pressure is higher than outside. or non-exist in the most cases.
10
Mover, as mentioned in section 2.3, the focus of this paper is to study the effect of supply speed, angle
11
and people on air curtain performance associated with the pressure difference parameters, i.e. the values
12
of ∆P uc and ∆P lc , which are obtained from Q-∆P oi relationship (Fig. 7) . Therefore, the CFD modeling will improve the air curtain performance when it is operating under the optimum and infiltration 5 break-through conditions. However, it will weaken the air curtain's performance of reducing 6 exfiltration during outflow break-through condition.
7
(2) Increasing the supply speed of air curtain will increase the value of ∆P uc and decrease the value of 8 ∆P lc . Thus, increasing the supply speed will contribute to lower infiltration/exfiltration during the 9 infiltration break-through and exfiltration break-through conditions. Therefore, increasing supply 
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